Coronary artery disease (CAD) is a disease that has been the deadliest disease in Indonesia. The ratio of cardiologists over potential patients is not appropriate either. Intelligent system which can help doctors or patients for cheap and efficient diagnosing CAD is needed. M edical record data, acquisition of cardiologist knowledge and computing technology can be utilized for developing fuzzy logic based intelligent system. Type-1 fuzzy logic system (T1 FLS) has been widely used in various fields. T1 FS has limitation in representing and modelling uncertainty and minimize the impact. Whereas, type-2 fuzzy set (T2 FS) was also introduced as fuzzy set that can model uncertainty more sophisticated. T2 FLS does have a higher degree of freedom when modeling uncertainty but it is quite difficult to make the membership function. An interval T2 FS is a T2 FS in which the membership grade on third dimension is the same everywhere so it is simpler than T2 FS. This paper aims to clarify the better capability of IT2 FLS over T1 FLS on the development of CAD diagnosis system. Rules and membership function were formulated with the help of fuzzy c-means. This study illustrated the causes of CAD risk factors, fuzzification, type reduction and defuzzification. The resulted system was tested with percentage split method (50%-50%) to produce training data and testing data. This test is performed ten times with random seed to separate the data set. The resulted system generates an average of 73.78% accuracy, 71.94% sensitivity and 76.52% specificity.
Introduction
Coronary artery disease (CAD) is one of the biggest cause of death in the world in the last decade [1] . CAD became pandemic because developing countries experiencing the epidemiological transition of diseases from hunger to degenerative diseases. Moreover, CAD tends to afflict younger population and thus can reduce productivity and employment [2] . Not least in Indonesia the data in 2012 show the disease is the top cause of death in Indonesia [3] .
CAD is a disease that is caused by the accumulation of plaques in the coronary arteries. The coronary arteries supply the heart with a charge of oxygen-rich blood. Plaque is made up of fat, cholesterol, calcium and other elements. This condition is called atherosclerosis [4] .
The main problem is the Indonesian people come to the doctor when the experienced symptoms are more severe CAD. If the patients can be more aware of heart health and can check their heart health with early symptom stages it will help people with CAD.
In the previous case it is necessary to develop a computerbased classification system of CAD. Artificial intelligence system become a solution that is appropriate to diagnose early, fast and cheap. Intelligent system that can be selected is using fuzzy logic system. Type-1 fuzzy logic system (T1 LFLS) has been widely used in various fields for more than three decades [5] . L. Zadeh introduced the fuzzy sets of type-1 (T1 FS) in 1965. While T1 FS is meant to represent uncertainty, studies have shown T1 FS has limitations in representing and modeling uncertainties and minimize its effect. This is because T1 FS was certainly in the sense that the value of membership is crisp value [6] . Then 10 years after introducing the T1 FS, 1975, L. Zadeh also introduced type-2 fuzzy sets (T2 FS) as a fuzzy set which can be more sophisticated modeling uncertainty. In 1998, Mendel and Karnik provide a complete theory of the type-2 fuzzy logic system (FLS T2) [5] . T2 FS is set to T1 FS-shaped membership functions. Fuzzy logic with a higher order (air-order 2) has in recent years become popular applied in the case of pattern recognition, classification and clustering [7] . Interval type-2 fuzzy sets (IT2 FS) is a special type of T2 FS, FS T2 is the type most widely used due to a lower computational cost than the original FS T2. T2 FLS is a fuzzy logic system in which at least one T2 FS. Fuzzy logic system requires a type reducer to turn T2 to T1 FS FS because the output of the fuzzy inference engine is T2 FS.
Various studies have shown that results of T2 FLS are better than results of T1 FLS. Tutorials and articles that more and more of the T2 FLS resulted in the amount of research on the T2 FLS is also growing. Although the cost of computing T2 FLS is greater than T1 FLS but advances in computing capability hardware also higher resolve this issue.
T2 FLS has many parameters that need to be considered. Choosing the membership function, choosing the type reducer or choosing defuzzifier. This is a potential of T2 FLS.
CAD diagnosis automation system with fuzzy logic system has been widely performed. But the fuzzy sets used are still using T1 FS.
Based on the current development of CAD diagnosis with fuzzy logic system, the objective of this research is to clarify the potential capability of IT2 FLS over T1 FLS on CAD diagnosis. With the capability of IT2 FLS, the better performance system could be obtained.
Materials and Methods
In this section the data set for training and testing model and proposed methodology are described. The proposed methodology here consists of rules generation, membership function design and interval type 2 fuzzy logic system design.
Materials
In the development of this system is used data set Statlog (Heart) from the UCI Machine Learning Repository. This data set is similar to the CAD database that already exists in the database repository UCI Heart Disease data set but with a slightly different form. Some differences eg statlog data set has a fewer number of data sets and no any attributes are missing.
Statlog data set consists of 270 observations of patient data. Attributes of these data sets related to the results of a physical examination, laboratory diagnosis and stress testing, all of which amounted to 13 attributes and one attribute informatio n CAD diagnosis. The more detailed data set is shown in Table  1 .
Methods
To build the proposed fuzzy inference system needed fuzzifier, fuzzy rules, fuzzy inference engine, type reducer and defuzzifier. Components of the system according to Fig. 1 which shows the basic components IT2 FLS. To meet these components, we do the following steps.
Rules Generation
There are many rules generation method based on inputouput data. The method used in this paper is fuzzy c-means clustering. The number of rules generated from this method is the same as the number of cluster defined for separated data group. So for each atrribute (clinical feature) c i will be grouped to 1 and 2 class.
Because there are two classes and group of 1 as antecedents will establish rule 1 (absent) and group of 2 as antecedents will establish rule 2 (present), so there is only two rules (Nr = 2). The number of antecedent of each rule is as much as the number of clinical features diagnosis of CAD that is 13 (Np = 13). Model of the rule output fuzzy c-means clustering are as follows:
is an interval, simple TSK model. Number of major vessels -0-3
fixed defect (6), reversable defect (7) 3, 6, 7 
Membership Function Design
Once the rule base is made then we define the data base or membership functions as the base for fuzzification of and defuzzification to crisp input. The use of IT2 FS is a key differentiator in IT2 FLS so designing IT2 FS with determination maximu m footprint of uncertainty (FOU) will affect the performance of the classification. At this stage the first we design membership functions T1 FS to be used as baseline T1 MF. Furthermore, based on the T1 baseline, FOU IT2 is determined being presentation randomness and uncertainty of MF data. Here are the details used design strategy.
1) Designing Baseline T1 MF with Fuzzy C-Means Clustering
Fuzzy c-means clustering (FCM) forms a cluster with two attributes, namely {mean, standard deviation}. Membership function that is used in this case is triangular MF. This MF has three parameters {li, ci, ri}. To determine these three parameters, we used components of the mean and standard deviation of output FCM as shown in the following equation
where μi is mean, σi is standard deviation of a cluster and waisti is the helper terms for distance between apex triangle and its two points on the foot of triangle by horizontal axis .
2) Designing Footprint of Uncertainty (FOU)
Based on T1 MF described in the preceding stage FOU is designed with hoping to model the uncertainty of such randomness and ambiguities in the data and determining the appropriate membership function.
According to Tan et al [7] , a cluster with more scattered data are considered more uncertain, therefore a wider FOU should be used in MF antecedent in the class. The paper used total euclidean distance of data points to its cluster (dj) then normalized to determine FOU.
From the above it is intuitively using the standard deviation (FCM output) as the equivalent property with the dj is qualified as a determinant feature of FOU. In this study, there are two areas of FOU determination: a. LMF Height (Hj) which represents the uncertainty in the center of the cluster. b. UMF and LMF end points that represent the uncertainty of fuzzy set limits. For case (a) it is assumed that there is no doubt about the position of the center of the cluster so that there is no difference in height between UMF and LMF. As for the deviation of the position of the end point UMF and LMF, the case of (b) as described previously using the standard deviation of the cluster. UMF and LMF point can be determined by the following equation. 
Interval Type 2 Fuzzy Logic System Design

1) Fuzzifier
Fuzzifier module in charge of mapping numerical vector
2) Rules
Rule base became the basis of doing inference. IT2 rule base in accordance with the steps in 2.2.1. With p inputs (linguistic variable) x1 ∈ X1, ..., xp ∈ Xp and one output y ∈ Y. This system is one kind of multiple input single output system (MISO).
The rules that are established are: 
3) Inference
Inference engine combine rules and do mapping from given input to desired output. This mapping is in T2 FS domain. In this studi TSK inference model is used.
In this module firing interval is computed. The firing interval of n th rule, F n (x`) can be computed as
4) Type Reducer
Because output of inference engine is IT2 FS so we need a module called type reducer that has task to transform IT2 FS to T1 FS. There are many methods available. The most commonly used one is the center-of-sets type-reducer.
 with = min
where the switch points L and R are determined by
and {y ̲ n } and {y ̅ n } have been sorted in ascending order, respectively. yl and yr can be computed using the KarnikMendel (KM) algorithms.
5) Defuzzifier
Defuzzifier block performs simple computation by transform interval value to one crisp values. Defuzzified output is computed as

Simple Eqis used because it yields the equilibrium value between two points yl and yr.
6) Thresholding
Because the output of defuzzifier is continuous crisp values, we need a function to convert the value to the class label prediction of CAD. CAD present class is marked by 1 and CAD absent class is marked by 0. Eq. (18) is used to determine the class label.
where θ is a threshold value. The threshold value that is used is 0.5 because it is the average value between class label 0 (absent) and 1 (present).
Results and Discussion
The proposed fuzzy logic system was implemented by the Matlab programming. To test the system performance, we tested the system against statlog data set. Statlog data set contains 270 observation results was divided by split percentage method (50%-50%) into a training data set and testing data set. 50% of data set is used as data training (for modelling) and 50% of data set is used as data testing (validation). Separation was done randomly. Testing was conducted 10 times so then 10 times also did for separation training data set and testing data set, then based on this training data set came FLS and counted each performance.
For the performance evaluation of the present system we have used the measures of specificity, sensitvity and accuracy. They are defined as follows: Result of ten measurements displayed in Table 2 . Examples of the third test, sensitivity of system is 81.25% it means the system can detect 81.25% of patients with CAD and skip 18.75% of CAD patients. The system has a specificity of 75.86%, in other words around 66 of the 87 people with negative results are really negative and 21 positive people are diagnosed when the disease does not have CAD.
Demonstrated system performance is also quite good with an average rate of 73.78% accuracy, 71.94% sensitivity and 76.52% specificity using only 2 rules from FCM clustering. Rule used all of attributes of risk factor (13) for CAD. Our proposed system is then compared with three other systems that have been proposed before, they are: weighted rules FLS by P.K. Anooj [9] , Rough Set FLS by Setiawan et al. [10] and Decision Tree FLS by Pal et al. [4] . Table 3 shows the comparative results of the four different systems. Although it is not fair to compare between them because each of them uses different testing method (number of the data validation, split method, used data set etc.), at least we can see the overall picture of the resulted system. From the table we can see our proposed system can outperform weighted FLS on sensitivity, specifity and accuracy. For rough set FLS although our performance is lower than it, we can still have a chance to refine our system with adding more rules because rough set FLS using more rule sets. We also need to train our system with more data as rough set FLS do. Decision tree FLS have shown that knowledge with orderly maintained make itself the best method here. It does not only have many rules but it also has control over the rules with meta rules . We can counterfeit the decision tree and meta-rules approach to increase of our FLS performance. Overall, opportunities to improve our system performance is still wide open either by adding rules, improve the membership function with a membership optimization (using genetic algorithm, particle swarm optimisation etc.), rule management and others [11, 12] . Testing of the system is just applied to one data set, the system still needs to be tested against multiple data sets other than heart statlog data set.
Conclusion
In this study the structure of Interval Type-2 Fuzzy Logic System for the diagnosis of coronary artery disease has been described. The system has been developed for the early detection of CAD. The rules were automatically extracted with fuzzy c-means clustering and all of the clinical attributes were used to define risk of CAD patients. Interval type-2 fuzzy logic system has big opportunity to improve the resulted system more.
